When two parallel plates confining a viscous fluid in a narrow gap between their plates separate from each other at a constant velocity, the free surface of the fluid disturbs like a dendrite or fingers. This phenomenon is referred to as meniscus instability. In the present study, the meniscus instability of a viscous fluid between two elastic sheets bonded to rigid substrates was examined theoretically and experimentally. Linear stability analysis was performed to obtain the wavelength of disturbances on free surface of the fluid. The elastic sheet was modeled by a linear spring in order to take into account of the deformation of elastic sheets. The wavelength was measured by using a video camera in experiment.
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Hele-Shaw Taylor, 1958, Saffman, 1986) Hele-Shaw * 1 ( 940-2188 1603-1) Fig. 1 Schematic view of analysis model. Incompressible viscous fluid is confined between two elastic sheets bonded to rigid substrates. In the above figures, the Young s modulus of the upper and lower elastic sheets are E u and E l , respectively. The thickness of the upper and lower sheets are d u and d l , respectively. The length and width of the elastic sheets are L and B, respectively. µ is the viscosity of the fluid and V s is the separation rate.
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Darcy m U u u( 1 , 2 , 5 , 10 , 20 , 50 , 100 α 17.1 × 10 −6 , 10.3 × 10 −6 , 6.84 × 10 −6 , 5.13 × 10 −6 Fig. 3 Schematic view of the experimental equipment. Silicone oil is filled in a narrow gap between two gel sheets bonded to the acrylic substrate. Then, the upper plate is pulled up at a constant velocity using a tensile test machine. The video camera records the motion of the free surface through the lower mirror.
The perturbation wavelength at the onset of the growth of the instability is measured using snapshots obtained by a camera. The experimental wavelength λ ex is given by λ ex = l/k ex . Where l is the length of the measuring area in the width direction and k ex is the number of peak of the perturbation per l. Solid, dotted and dashed lines correspond to magnification of the elastic parameter α, which are 1, 0.1 and 0.01, respectively. Black curves denote the results neglecting deformation.
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